Nanotechnology has emerged as a boon to the society with immense potential in varied area of research and our dayto-day life. The application of nanotechnology for the advancement of biosensor leads to an efficient nanobiosensor with miniature structure as compared to conventional biosensors. Nanobiosensors can be effectively used for sensing a wide variety of fertilizers, herbicide, pesticide, insecticide, pathogens, moisture, and soil pH. Taken together, proper and controlled use of nanobiosensor can support sustainable agriculture for enhancing crop productivity.
Introduction
Accessibility of net land and water-resources for agriculture is rapidly declining, causing huge loss in agricultural output. Besides, the ever increasing concentration of herbicides, pesticides and heavy metals in agricultural land is alarming. These issues can only be dealt efficiently with the aid and continuous flow of new technologies into this sector. Presently, nanotechnology is visualized as a rapidly evolving field with high potential to revolutionize agricultural and food systems. It is viewed as a potential tool to enhance the quality of the agricultural based products and natural resource. It may boosts rural economy by promoting sustainable agriculture, facilitating farmcosts reduction and up lift product-values [1] . Considering the present scenario and merits of nanotechnology the paper reviews the implications of nanobiosensors in promoting agriculture to feed the growing populations. Nanobiosensors may be of great value for effective monitoring of soil quality in terms of its constituents, pH, humidity, microbial load etc. and thus aid as an efficient tool to enhance productivity.
Nanobiosensor is a modified version of a biosensor which may be defined as a compact analytical device/ unit incorporating a biological or biologically derived sensitized element linked to a physico-chemical transducer [2] . In the year 1967, the first biosensor was invented [3] which led to the development of several modified biosensors. Interestingly, since early 20th century the concept of biosensors existed but their uses were limited only in laboratories and with advent of sciences several modern biosensors were designed (Figure 1) . Overall, there are three so-called "generations" of biosensors; first generation biosensors operates on electrical response, second generation biosensors functions involving specific "mediators" between the reaction and the transducer for generating improved response, and in third generation biosensors the reaction itself causes the response and no product or mediator diffusion is directly involved [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] (Figure 1 ).
Nanobiosensors
With the progression in sciences, nanobiosensors with superbly dedicated miniature sensors with highly miniaturization were designed and developed in 21st century based on the ideas of nanotechnology. Recently, researchers have used an integrated approach by combining nanosciences, electronics, computers and biology to create biosensors with extraordinary sensing capabilities that show unprecedented spatial and temporal resolution and reliability. Nanosensors with immobilized bioreceptor probes that are selective for target analyte molecules are called nanobiosensors. A nanobiosensor is usually built on the nanoscale to obtain process and analyze the data at the level of atomic scale (http://www.nanomedicine.com/NMI/Glossary.htm). Nanobiosensors open up new opportunities for basic research and provide tools for real bio-analytical applications, which was impossible in the past [19] [20] [21] [22] . They can be integrated into other technologies such as lab-on-a-chip to facilitate molecular analysis. Their applications include detection of analytes like urea, glucose, pesticides etc., monitoring of metabolites and detection of various microorganisms/pathogens. Their portability makes them ideal for their applications in field but they can be used in the laboratory setting as well.
Characteristics for an Ideal Nanobiosensors
 Highly specific for the purpose of the analyses i.e. a sensor must be able to distinguish between analyte and any "other" material.  Stable under normal storage conditions.  Specific interaction between analytes should be independent of any physical parameters such as stirring, pH and temperature.
detector [23] as described in Figure 2: 1) The biologically sensitized elements (probe) including receptors, enzymes, antibodies, nucleic acids, molecular imprints, lectins, tissue, microorganisms, organelles etc., which are either a biologically derived material or bio-mimic component that receives signals from the analytes (sample) of interest and transmits it to transducer. And such nano-receptor may play a vital role in the development of future nanobiosensors. 2) The transducer acts as an interface, measuring the physical change that occurs with the reaction at the bioreceptor/sensitive biological element then transforming that energy into measurable electrical output. Depending on the mode of action transducers may be classified into following categories and discussed in details ( Table 1) .
3) The detector element traps the signals from the transducer, which are then passed to a microprocessor where they are amplified and analyzed; the data is then transferred to user friendly output and displayed/stored [24] .
Advantages of Nanobiosensors over
Conventional Biosensors  These sensors are ultra sensitive and can detect single virus particles or even ultra-low concentrations of a substance that could be potentially harmful.  Nanobiosensors works at atomic scale with highest efficiency.  Nanobiosensors also have increased surface to volume ratio.  2.4. Disadvantages of nanobiosensors.  Nanobiosensors are very sensitive and error prone.  Nanobiosensors are still under infancy stage.
Types of Nanobiosensors

Mechanical Nanobiosensors
Nanoscale mechanical forces between biomolecules provide an exciting ground to measure the biomolecular interaction. This helps in the development of minute, sensitive and label free biosensors [25] . Microscale cantilever (Figure 3 ) beams can be used to identify biomolecules by deflecting upon interaction with a specific biomolecule. By measuring the level of deflection each cantilever beam experiences in response to interactions with the molecules, the amount of analyte in the solution can be quantified and interpreted. Basically, there are three mechanisms to transduce the recognition of the analyte of interest into micromechanical bending of the cantilever, a) bending in response to a surface stress (Figure 4(a) ); b) bending in response to a mass loading (Figure 4(b) ); c) bending as a result of a temperature change (Figure 4(c) ) [26] . The advantage of nano-mechanical devices is that they are highly mass sensitive. More the size decreases, more the mass reduces and hence the addition of bound analyte molecules results in an increased relative change to the main mass.
optical properties and enhanced sensitivity to their nano environment has been developed [28] . 
Optical Nanobiosensors
Optical biosensors are based on the arrangement of optics where beam of light is circulated in a closed path ( Figure 4 ) and the change is recorded in resonant frequency when the analyte binds to the resonator. The resonator can be basically divided into linear resonator (light bounces between two end mirrors) and ring resonators (light is circulated in two different directions as end mirrors are absent). Unlike mechanical resonators (above mentioned) optical ones are based on the oscillating light within a cavity. Most of the commercially available optical biosensors rely on the use of lasers to monitor and quantify interactions of biomolecules that occur on specially derived surfaces or biochips [27] . Surface plasmon resonance (SPR) is an optical-electrical phenomenon involving the interaction of light with the electrons of a metal. It is based on the transfer of the energy carried by photons of light to a group of electrons (a plasmon) at the surface of a metal. Miniature optical sensors that specifically identify low concentrations of environmental and biological substances are in high demand. Recently, a triangular silver nanoparticle with remarkable 
Nanowire Biosensors
Nanowire biosensor is a hybrid of two molecules that are extremely sensitive to outside signals: single stranded DNA, (serving as the "detector") and a carbon nanotube, (serving as the transmitter). The surface properties of nanowires can be easily modified using chemical or biological molecular ligands, which make them analyte independent [29] . This transduces the chemical binding event on their surface into a change in conductance of the nanowire with extreme sensitivity, real time and quantitative fashion. Boron-doped silicon nanowires (SiNWs) have been used to create highly sensitive, real-time electrically based sensors for biological and chemical species [30] .
Ion Channel Switch Biosensor Technologies
The Ion Channel Switch (ICS) is based on a synthetic self-assembling membrane that acts as a biological switch for detecting the signals i.e. the presence of specific molecules by triggering an electrical current [31] . It delivers precise and quantitative test results in an immediate timeframe and reduces the time of emergency diagnoses from hours down to minutes.
Electronic Nanobiosensors
Electronic nanobiosensors work by electronically detecting the binding of a target DNA that actually forms a bridge between two electrically separated wires on a microchip [32] . Each chip contains multiple sensors, which can be independently addressed with capture probes for different target DNA molecules from the same or different organisms.
Viral Nanobiosensors
Virus particles are essentially biological nanoparticles. Herpes simplex virus (HSV) and adenovirus have been used to trigger the assembly of magnetic nanobeads as a nanosensor for clinically relevant viruses [33] .
PEBBLE Nanobiosensors
Probes Encapsulated by Biologically Localized Embedding (PEBBLE) nanobiosensors consist of sensor molecules entrapped in a chemically inert matrix by a microemulsion polymerization process that produces spherical sensors in the size range of 20 to 200 nm. Various sensor molecules can be entrapped including those that detect optical change [34] , change in pH or Ca 2+ ions [35] or can detect the fluorescence [36] . These nanosensors are capable of monitoring real-time inter-and intra-cellular imaging of ions and molecules, while at the same time they are also insensitive to interference from proteins and show great reversibility and stability to leaching and photobleaching. In human plasma they demonstrate a robust oxygen sensing capability, little affected by light scattering and autofluorescence [37] .
Nanoshell Biosensors
Positioning gold nanoshells are used in a rapid immunoassay for detecting analytes within complex biological media without any sample preparation [38] . Aggregation of antibody/nanoshell conjugates with extinction spectra in the near infrared is monitored spectroscopically in the presence of analyte. Nanoshells can enhance chemical sensing by as much as 10 billion times [32] .
Role of Nanobiosensor in Agriculture
Presently, nanomaterial-based biosensors exhibit fascinating prospects over traditional biosensors. Nanobiosensors have marked advantages such as enhanced detection sensitivity/specificity and possess great potential for its applications in different fields including environmental and bioprocess control, quality control of food, agriculture, bio defence, and, particularly, medical applications. But here we are concerned with the role of nano biosensor in agriculture and agro-products. Some of the potential applications of nanobiosensors are listed below:
As Diagnostic Tool for Soil Quality and Disease Assessment
Nano sensors may be used to diagnose soil disease (caused by infecting soil micro-organisms, such as viruses, bacteria, and fungi) via the quantitative measurement of differential oxygen consumption in the respiration (relative activity) of "good microbes" and "bad microbes" in the soil. The measurement proceeds through the following steps: two sensors impregnated with "good microbes" and "bad microbes" respectively, are immersed in a suspension of soil sample in buffer solution and the oxygen consumption data by two microbes were detected. By comparing two data, we can easily decide which microbe favors the soil. Apart from that, we can also predict whether or not soil disease is ready to break out in the tested soil beforehand. So, it is to be emphasized that the biosensor offers an innovative technique of diagnosing soil condition based on semi-quantitative approach [39].
As an Agent to Promote Sustainable Agriculture
A nanofertilizer refers to a product that delivers nutrients to crops encapsulated within a nanoparticle. There are three ways of encapsulation: a) The nutrient can be encapsulated inside nanomaterials such as nanotubes or nanoporous materials; b) coated with a thin protective polymer film; c) delivered as particles or emulsions of nanoscale dimensions. Nanofertilizers could be used to reduce nitrogen loss due to leaching, emissions, and long-term assimilation by soil microorganisms [40] . Recently carbon nanotubes were shown to penetrate tomato seeds [41] , and zinc oxide nanoparticles were shown to enter the root tissue of ryegrass [42] . This suggests that new nutrient delivery systems that exploit the nanoscale porous domains on plant surfaces can be developed. But, the nanofertilizers should show sustained release of nutrients on-demand while preventing them from prematurely converting into chemical/gaseous forms that can not be absorbed by plants. To achieve this, biosensor could be attached to this nanofertilizer that allows selective nitrogen release linked to time, environmental and soil nutrient condition. Slow-controlled-release of fertileizers may also improve soil by decreasing toxic effects associated with fertilizer over application. Zeolites are naturally occurring crystalline aluminum silicates that can a) enable better plant growth; b) improve the efficiency and value of fertilizer; c) improve water infiltration and retention; d) improves yield; e) retain nutrients for use by plants; f) improve long term soil quality and g) reduce loss of nutrients in soil. Zeolite holds nutrients in the root zone for plants to use when required. This leads to more efficient use of N and K fertilisers-either less fertiliser for the same yield or the same amount of fertiliser lasting longer and producing higher yields. An added benefit of zeolite application is that unlike other soil amendments (gypsum and lime) it does not break down over time but remains in the soil to help improve nutrient and water retention permanently. With subsequent applications, the zeolite will further improve the soil's ability to retain nutrients and produce improved yields. Zeolites linked to a nanobiosensor can modernize agriculture in the sense that the biosensor can sense the deficiency in either plant or soil and control the release of water/nutrients retained in the zeolite.
Pesticides inside nanoparticles are being developed that can be timed-release or have release linked to an environmental trigger [43] . Also, combined with a smart delivery system, herbicide could be applied only when necessary, resulting in greater production of crops and less injury to agricultural workers.
As a Device to Detect Contaminants and Other Molecules
Several nanobiosensors are designed to detect contaminants, pests, nutrient content, and plant stress due to drought, temperature, or pressure. They may also potentially helpful for farmers to enhance competence by applying inputs only when necessary. Organophosphorus pesticides such as dichlorvos and paraoxon, at very low levels could be monitored by liposome-based biosensors [44] . Zhang et al. [45] developed a method for the detection of Escherichia coli (E. coli) using bismuth nanofilm modified GCE based on the principle of flow injection analysis (FIA). Seo et al. [46] constructed a biochip sensor system, consisting of two Ti contact pads and a 150 nm wide Ti nanowell device on LiNbO 3 substrate. When the bacteria were resistant to the phages (uninfected bacteria), small voltage fluctuations were observed in the nanowell displaying a power spectral density (PSD). The biosensors developed using PSII (photosystem II), known to bind several groups of herbicides, isolated from photosynthetic organisms may have potential to monitor polluting chemicals, leading to the set-up of a low cost, easy-to-use apparatus, able to reveal specific herbicides, and eventually, a wide range of organic compounds present in industrial and urban effluents, sewage sludge, landfill leak-water, ground water, and irrigation water [47] .
As Tool for Effective Detection of DNA and Protein
There are several nanosensors like ssDNA-CNTs probes/ optical biosensors to detect specific kinds of DNA oligonucleotides [48] , MWNTs/ZnO/CHIT composite film modified GCE for immobilization ssDNA probes to effectively discriminate different DNA sequences [49, 50] , a nanobiosensor with bionanocomposite layer of MWNT in chitosan deposited on a SPCE for the detection of deep DNA damage [51] , a nanobiosensor with GNPs functionalized with alkanethiol-capped LNA/DNA chimeras in a tail-to-tail hybridization mode for single-stranded DNA [52] , Nano-SiO 2 /p-aminothiophenol (PATP) film for the detection of the PAT gene sequences by a labelfree EIS method [53] . Maki et al. [54] reported the first nanowire field effect transistor based biosensor which achieves simple and ultra-sensitive electronic DNA methylation detection and avoids complicated bisulfite treatment and PCR amplification. Similarly, using protein-ligand (antigen) interaction properties, protein-nanoparticles based biosensors can realize the ultra-sensitive detection of special protein molecules. The use of these DNA and protein detecting biosensors might play a vital role in detection of plant pathogens; certain abnormalities in plants linked to mineral deficiency, biomarkers, and discriminate one plant species from another etc.
As a Tool for Analysis in Food Products
Biosensor-based analysis is becoming increasingly important in the food industry where it has several applications;  Vitamins analysis: The SPR biosensor monitors in- 
Market Assessment, Risks, Regulation and Acceptance
Biological systems are used to nano-scale materials like proteins, carbohydrates, fats etc., but the use on engineered nanomaterials in agriculture and edibles has raised concerns regarding the latent risks coupled with the widespread use of engineered nanomaterials for environment or human health or both. The major apprehensions being the insufficient knowledge about the factors like toxicity, bioaccumulation, and exposure risk associated with the use of nanobiosensors. Also, the present scenario is due to minimal funding for risk assessments in a research projects. Conducting reproducible and reliable biocompatibility studies with nanostructures is difficult by the tentative behavior of particulate matter in biological settings and the complicatedness in making in situ measurements of properties such as size, shape and surface chemistry. Due to the complexities the risk assessments should include an early valuation of projected sensors in order to recognize and address nano-bio interactions that may impact the development and commercialization of Center technologies. Expertise should be accessible during the testing of more mature prototypes to ensure safety and effectiveness of the sensor technology. The nano particles and the nanoscale materials used in the construction of nano biosensors has to be properly characterised and tested in biological environments and the probable toxicity has to be examined [55] . The possible hazard of nanoparticles to biological organisms has significantly drawn interest from academics, industry, governmental ethical committees and non-governmental organizations worldwide. Besides, the commercialization of nanobiosensors is also linked to several risk factors [1] as: a) Initial applications "could act as substitutes for agricultural commodities" [1] which might be "disastrous" on the economy of developing countries [1, 56] ; b) Secondly, variable import regulations in different nations could obstruct the nano-product expansion [1, 57] ; c) Lastly, the use of nanotechnology could pose "negative economic effects on the poor by increasing productivity in developed countries" [1] , which could lead to decrease commodity price in developing countries [1] .
Apart from all the associated risks marketing of any product depends on the public acceptance of the same. Thus, risk perceptions are vital for the future accessibility of nano products worldwide [1] . Till date, consumers lean to be more unwilling to nanofood applications than other nanotechnology uses [1, 58] apparent "benefits and health risks affect acceptance" [1] , "meaning consumers do not perceive all products with the same risk levels" [1, 59] Risk communication strategies should articulate "attention to the messenger and the target of the message" [1, 60] . Some "external factors" [1] could also put an impact in "shaping future acceptance in the key markets" [1] that will largely influence the future of nanotechnologies globally [1] . Non-governmental organizations which support a "ban on nanotechnology use in food and agriculture" may prove significant [1] , approaching toward condensed commercialization internationally [1, 61] . This might result in "technology divide" [1, 62] .
The probable solution to current problem is the proper labeling on nano-products in certain developed countries which might lead to technology consumption and regulations in developing countries. The Science and Technology Committee of the UK House of Lords has recommended including a compulsory "pre-commercialization assessment using the methods supported by a research investment effort in risk assessment and detection methods" [1, 63] . "The European Food Safety Agency supports the use of conventional risk assessment while addressing the limited knowledge on exposure to nanofood applications" [1, 64] . While creating regulations countries should keep in mind the existing institutional capacity [1] . "Similarities between biotech regulatory systems and nanotech regulatory systems" [1] should be taken as an advantage [1] (Niosi and Reid, "Biotechnology and Nanotechnology"). Keeping in mind the learnt lessons "from the challenges observed in biosafety issues of biotech regulatory system" [1] , the "need of public education, transparency and predictability" [1] has increased [1, 65] . "The lack of risk assessment capacity" [1] and permeable borders should also support countries to form local groups [1] .
Future Perspectives
Clearly, there is an opportunity for nanotechnology to have a profound impact on energy, the economy and the environment, by improving the screening processes. New prospects for integrating nanotechnologies into nanobio-sensors should be explored, cognizant of any potential risk to the environment or to human health. With targeted efforts by governments and academics in developing such enabled agro-products, we believe that nanotechnology will be transformative in the field of agriculture by focused research and development toward the goals for reaching sustainable agriculture.
